Natural Killer (NK) cells are the lymphocytes that are derived from hematopoietic stem cells, developed in the bone marrow from hematopoietic stem cells (HSC) by sequential acquisition of functional surface receptors, and express the repertoire of inhibitory and activating receptors. Recently, Osteopontin (OPN) has been identifi ed as a critical factor for differentiation of natural killer cells. However, the detailed mechanism of OPN-induced NK differentiation has been still to be elucidated. Here, we determined the signaling pathway and possible receptor for OPN in NK differentiation. OPN induced expression of Bcl-2 and activation of Erk kinase. Inhibition of Erk pathway decreased the effect of OPN on NK differentiation. In addition, the expression of integrin α9 was signifi cantly increased by OPN during NK differentiation, suggesting the possible role of a major signaling molecule for OPN-induced NK differentiation.
INTRODUCTION
NK (NK) cells are the lymphocytes that are derived from hematopoietic stem cells in the bone marrow. NK cells play a crucial role in innate immunity and tumor surveillance by eliminating transformed cells as well as virus-infected cells upon activation. These effector functions are performed by the release of cytokines, such as IFN-γ, GM-SCF, and TNF-α (Perussia, 1996) . NK cells are developed in the bone marrow from hematopoietic stem cells (HSC) by sequential acquisition of functional surface receptors (Di Santo, 2006; Freud and Caligiuri, 2006) . Many factors are involved in the process of NK maturation which includes cytokines, surface proteins and Abstract transcription factors as well as microenvironmental factors in bone marrow. Recently, we identifi ed osteopontin (OPN) as a critical factor for natural killer cell differentiation from HSC (Chung et al., 2008) . OPN is a secreted protein which is mainly expressed in bone marrow stromal cells. OPN has been known to play a variety of roles in cellular mechanisms including proliferation, apoptosis, and migration. In addition, OPN has been reported to act as a negative regulator of HSC although the effect of OPN on HSC proliferation or apoptosis is controversial. For example, it was shown that OPN reduces the number of HSCs by inhibition of proliferation while increasing apoptosis (Stier et al., 2005) . On the contrary, it has been reported that OPN negatively regulates HSC proliferation inBiomol Ther 19(2), 206-210 (2011) www.biomolther.org
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dependently on induction of apoptosis (Nilsson et al., 2005) . Thus, to further dissect the mechanisms of OPN-induced NK differentiation, we investigated the gene expression profi les and signaling pathways in HSC during OPN-induced NK development.
MATERIALS AND METHODS

In vitro diff erentiation of NK cells
NK differentiation from HPC was performed as previously described (Chung et al., 2008) cells per well and cultured in RPMI medium supplemented with a mixture of stem cell factor (SCF) (30 ng/ml; Bio-Source, Camarillo, CA), Flt3L (50 ng/ml; Peprotech, Rocky Hill, NJ), IL-7 (0.5 ng/ml; Peprotech), indometacin (2 μg/ml; Sigma-Aldrich, St. Louis), and gentamicin (20 μg/ml) for 6 days at 37 o C, 5% CO 2 . The culture medium was refreshed every 3 days, and recombinant osteopontin (rOPN) was added to the culture on the 3rd day as needed. To generate the mature NK (mNK) cells, the cells were then cultured with OP9 stromal cells (a gift from Dr. T. Nakano, University of Osaka, Suita, Japan) in the presence of IL-15 (50 ng/ml; Peprotech). After 4-6 additional days of culture, the number of NK1.1 + cells was determined via fl ow cytometric analysis using anti-CD122 antibody (BD, Franklin Lakes, NJ).
Western blot analysis
Cells were lysed in lysis buffer (20 mM HEPES (pH 7.9), 100 mM KCl, 300 mM NaCl, 10 mM EDTA, 1% Triton X-100, 0.5 mM PMSF, and protease inhibitors mixture [Roche]) for 20 min on ice, and then centrifuged at 13,000 g for 20 min. The supernatants were heat denatured in the presence of 2-ME and SDS, and separated electrophoretically in a 10% SDSpolyacrylamide gel under denaturing conditions. The proteins were then transferred electrophoretically onto a polyvinylidene difl uoride membrane (Millipore), and the membrane was incubated sequentially with a primary Ab and a HRP-conjugated anti-mouse or anti-rabbit IgG secondary Ab (Amersham Biosciences). The protein bands were visualized using ECL Western blot detection reagents (Amersham Biosciences) on X-ray fi lm (Sigma-Aldrich).
FACS analysis
All antibodies except for fl ow cytometric analysis were purchased from Becton Dickinson (Franklin Lakes, NJ) and BD Pharmingen (San Diego), and cells from individual tissues were stained with the indicated antibodies in a staining buffer (phosphate-buffered saline [PBS] containing 1% fetal bovine serum [FBS] and 0.01% NaN3) for 20 minutes at 4 o C.
Quantitative real time RT-PCR
For RT-PCR, SYBR Premix Ex Taq (Takara Bio) was used to detect OPN expression with a Dice TP 800 Thermal Cycler A B Fig. 1 . Effect of OPN on survival and proliferation of NK cells. NK cells were differentiated from HSC in vitro with or without rOPN (2 μg/ml) as described in Materials and Method. HSCs were stained with CFSE for proliferation assay (A), and with PI and annexin V for analysis of apoptosis (B), and subject to FACS analysis.
